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one CH, of the C(CH3); group can lie on a consignate path; the
others must lie on dissignate paths and make anti-octant con-
tributions. The axial fert-butyl isomer 1 in marked contrast
behaves very differently from the 4(a)-methyladamantan-2-one
counterpart in giving surprisingly strong, negative n—=»* CEs at
room temperature, Aeygs™* ~0.29 (MI), Aeyys™** —-0.54 (EPA),
vs. weak, variable CEs, Aey™** +0.023 (MI), Aeyp6™2* ~0.046,
(EPA) of the latter. As with the equatorial tert-butyl ketone, the
CE:s are essentially temperature invariant down to~175 °C, again
in marked contrast to the axial CH, analogue, for which the CE
magnitude increases 10-fold at ~175 °C, with sign inversion in
MI solvent.!* Thus, the B-axial fert-butyl group behaves as a
strong front octant perturber that is insensitive to solvent and
temperature effects.

Molecular mechanics (MM2)!€ calculations predict a higher
energy (1.5 kcal/mol higher) for the sterically more crowded
equatorial isomer. Using the adamantanone model, one might
therefore assume that although still large the conformational
energy difference between chair conformers of 3-tert-butyl-
cyclohexanone is less (~3.9. kcal/mol) than the computed A value
(~ 5.4 kcal/mol) for tert-butylcyclohexane.!?
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Several methods have been proposed!™ for high-resolution
NMR spectroscapic study of spatially inhomogeneous objects, such
as biological systems. Among these, the most general and
practically useful method appears to be the method employing
the multidimensional Fourier transform (FT) NMR techniques,’
where two- or three-dimensional spatial information is phase-
encoded into free induction decays by pulsed applications of field
gradients.® This type of method, however, is extremely time
consuming, because a large number of measurements, which
ensure the required resolution in the multidimensions, must be
made to obtain full information.
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Figure 1. Two-dimensional test sample consisting of acetone (A) and
benzene (B). A relaxation reagent, iron(III) acetylacetonate, was added
$0 as to shorten the spin—lattice relaxation times down to about 100 ms
for experimental convenience. Each cylinder has a diameter of 8 mm and
a length of 10 mm. A, B, AB,, and A,B denote the constitutions of the
solutions.
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Figure 2. Pulse sequence for high-speed spatially resolved high-resolution
NMR spectroscopy. A spatially two-dimensional version is shown. The
spin—echo method is employed for compensating the finite-switching-time
effects of the field gradient and for observing the initial halves of the first
echoes in the echo train signals. The rf pulse interval 7, = 10 ms. 32
echoes were induced by successive inversions of the field gradient, Gy =
6.8 mT/m, with 7 = 1.248 ms and the switching time ~ 50 us. Echo
trains phase encoded by stepwise applications of the field gradient, Gy
= 6.8 mT/m (the effective phase-encoding time = 1.248 ms), were
sampled with an analog-to-digital conversion rate of 78 us using 1024
points, starting at time 27, — 7.

We wish to describe here our experimental results on a high-
speed method of spatially resolved high-resolution NMR spec-
troscopy, which is closely related to the chemical-shift-resolved
NMR imaging methods theoretically described by Mansfield®®
recently. In our method, however, spin—echo trains induced by
periodical inversions of a field gradient® are further phase mod-
ulated (phase encode)® by pulsed applications of other field
gradients.”  Such phase-modulated spin—echo trains can be
converted to three- or four-dimensional data including both
spectroscopic and spatial information by means of suitable data
manipulation involving echo rearrangement®® and multidimen-
sional Fourier transformation. Since two-dimensional information
(spectroscopic and spatial) can be extracted from each one-di-
mensional spin—echo train, the dimension of the measurement can

(6) (a) Mansfield, P. J. Phys. D 1983, 16, L235. (b) Mansfield, P. Magn.
Reson. Med. 1984, 1, 370. (c) Mansfield, P. J. Phys. C 1977, 10, L55.
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Figure 3. (a) Representative echo-train signal observed by applying the
pulse sequence shown in Figure 2, Note that (i) each echo shape is
governed by the field gradient Gy, yielding the spatial information, and
(ii) the echo envelope corresponds to the normal free induction decay
giving the high-resolution spectrum. (b) Rearrangement of echo trains.
Odd- and even-numbered echoes are separately rearranged to give two
sets of two-dimensional arrays, in which the time axis 5 corresponds to
the spectral axis and the time axis ¢y to the spatial axis X,

be reduced by one in comparison with the usual multidimensional
FT method.}

Experiments were performed at 0.5 T, operating our NMR
imager® for protons. Figure 1 shows our two-dimensional test
sample consisting of acetone (A) and benzene (B); the proton
chemical-shift difference is 5.1 ppm. The pulse sequence used
for the measurement is schematically shown in Figure 2. If a
periodically inverting magnetic field gradient Gy is imposed on
a sample during observation of a free induction decay, the resultant
signal takes the form of a spin—echo train as shown in Figure 3a.
Such an echo-train signal is modulated by both internal magnetic
interactions within the sample, which give high-resolution spectra,
and an external interaction generated by the time-dependent field
gradient, which provides one-dimensional spatial information X.
Consequently, the two distinct types of information can be ex-
tracted from the single echo train,%® Furthermore, remaining
spatial information ¥ can be phase encoded? into the echo-train
signal by pulsed applications of a field gradient Gy. In each
phase-encoded (or phase-modulated) echo train, odd- and even-
numbered echoes are separately rearranged to give two sets of
two-dimensional arrays as shown in Figure 3b;** along the new
time axis tg, one can observe free induction decays which give
high-resolution spectra, because the effects of the external in-
teraction on the signals are quenched along the new time axis.!®
The echo shapes are governed by the external interaction (Gy),
which is represented on the ¢y axis (Figure 3b). Since the spatial
information Y is already phase-encoded along the third axis ¢y
perpendicular to both array axes ¢g and 7y, three-dimensional
Fourier transformation of either set of the three-dimensional
rearranged data (g, ty, ty) can yield chemically resolved proton
images and spatially resolved proton high-resolution spectra as
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(10) To realize this quenching experimentally, precise timing adjustment
was made for the inversions of the field gradient Gy so that the field-gradient
effect on spin phases is always cancelled at times 27, + 2N7 (N =0, 1, 2, 3,
..., 31) (see Figure 2).

(11) It may be worth noting that if the object is in fact spatially homo-
geneous, all the local spectra can be coadded after correcting the spectral
shifts; therefore, spectral broadening due to overall field inhomogeneity is
avoidable even if the sample is very large.
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Figure 4. Proton images of acetone (a) and benzene (b), and proton
high-resolution spectra at four different locations (¢). Two echo trains
were added in each step of 32 phase encodings with a repetition time 500
ms, the total measurement time being only 32 s. Both the X and Y axes
are represented by 32 points and the spectra by 32 points, interpolated
from 16 points using the zero-filling technique; the number of spectral
data points is limited by the memory size of our signal averager (1024
points). The images were obtained from the spectral intensities of ab-
solute values of the Fourier transforms while the local spectra are of
phase-corrected absorption mode. The use of absolute values can solve
a dephasing problem caused by homonuclear J couplings. Each local
spectrum shifts depending upon the field strength at the corresponding
location with the spectral separation preserved. The spectral resolution
of each local spectrum is limited by the corresponding local field inho-
mogeneity,!! as in the multidimensional FT method.’

shown in Figure 4. It should be noted that the two sets of
three-dimensional FT data can mutually be coadded after cor-
recting the sign difference in X.5%> For three-dimensional objects,
another phase encoding and Fourier transformation are necessary
along the Z direction.
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Most exothermic gas-phase ion—-molecule reactions are rapid,
occurring at essentially every collision. This arises because
long-range electrostatic forces exist between the ion and neutral;
these species, therefore, attract one another and interact with
sufficient energy to surmount many traditional barriers to reaction.
Nevertheless, there is increasing evidence that these processes can
be highly specific. We wish to report the observation of a dramatic
example of reaction selectivity: a hydrogen/deuterium isotope
effect of 5.5, which is close to the theoretical maximum, in the
elimination reaction of amide ion with diethyl ether. Modeling
both the absolute rate and isotope effect using statistical rate theory
provides insight to the barrier height and reaction mechanism for
this process.
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